it belonged to the radium group. It actually throws off a part of its substance-in other words, undergoes atomic disintegration-and nmust, in time, become changed into some other form of matter.
If X-ray treatment as at present practised were without disadvantages, the subject of secondary radiation might be of purely academic interest to medical men. Unfortunately, radio-therapeutics is as yet far from perfect. Each tube is a law unto itself. The primary rays are heterogeneous, and when a good result follows their application, it is impossible for anyone but the original operator to reproduce the exact conditions under which it was obtained. Constant care is necessary to maintain the vacuum of a tube at one point, and it is not feasible to treat the skin without producing at least some effect on the deeper tissues. Above all, the treatment of deep-seated disease is most unsatisfactory. It is quite easy to generate rays which will reach the lesion, but such rays are comparatively feeble as regards therapeutic activity. This may be due to the fact that the more penetrating type of ray has a tendency to be scattered rather than absorbed by substances of low atomic weight, such as the tissues of the human body. Soft rays, it is true, are readily absorbed by living matter; and we assume that where there is absorption there is physical, chemical, or electrical change. But the soft rays cannot reach deep-lying tissues; and thus there is created a sort of therapeutic impasse. In secondary radiation we have an agent which, employed either as an aid to ordinary X-ray treatment or as a substitute for it, promises to afford a means of escape from many difficulties.
As regards their behaviour under Rbntgen stimulation, substances vary according to their atomic weight. Elements below calcium (40) nrerely scatter the incident beam. In the case of those beyond cerium (140) the corpuscular radiation is alone of much importance. These corpuscular rays possess a penetrative power, which depends solely upon the hardness of the exciting beam: a bulb of a given degree of vacuum will produce particulate rays of the same penetration whether the substance acted on be zinc or lead. Elements occupying a place in the periodic system between calcium and cerium give off, in addition to corpuscular rays, a powerful non-particulate or X-radiation. This latter is of extreme importance, for it bears a definite and constant relationship to the atomic weight of the emitting substance. As the atomic weight increases so does the hardness of the secondary X-radiation produced. For each element there is a homogeneous radiation, the penetrative power of which remlains the same whatever be the quality Electro-Therapeutical Sectizon 8 of the exciting beam. From the point of view of fhe electro-therapeutist this characteristic radiation so 4ar transcends in importance all others,' that I have ventured to apply to it the adjective specific. Sometimes it is convenient to speak shortly of the "silver ray," or the " copper ray"; and by this is meant the specific secondary X-radiation of these netals.
Professor Barkla has worked out the details for many substances, taking as his standard the thickness of water through which the specific ray will pass before falling to half value. For iron it is but -cm. (0 04); for silver, nearly 12 cm.; while the specific ray of cerium will pass through no less than 6 cm. of water before losing 50 per cent. of its initial energy. It should be noted that the incident beam must be harder than the specific ray of a given element, or this characteristic radiation will not be excited. There is little doubt but that metals beyond cerium could be induced to yield specific rays, did we possess tubes hard enough to excite them. Specific radiation is solely an atomic property. It is of no consequence whether an element is a metal or a non-metal, nor does chemical combination make any difference. Moreover, Sir J. J. Thomson informs me, in a private communication, that a substance in solution is still capable of being excited.
The suitability of an element for a particular medical purpose is naturally determined by the bulk of tissue which it is required to affect. What is suitable to use for a skin lesion 1 mm. in depth would not suffice to influence a cancerous mass having a thickness ten times as great. In referring to ray-emitting substances it is convenient to speak of their effective therapetic range. This must necessarily be determined finally by observation, but I have taken as a working basis the distance traversed (in the tissues) which reduces the original value of the specific radiation by one-third. Thus, the Effective Therapeutic Range (E.T.R.) of Zinc is approximately half a millimetre, while that of silver is nearly twenty times as great.
All possible ways of applying secondary radiations in therapeutics are variants of one or other of two principal methods. Either the radiation is employed to enhance the effect of the primary beam, or is used as a substitute therefor. The first method I have termed "Treatment by Intensification"; the second, "Treatment by Pure Secondaries." 1 The corpuscular radiation has already been referred to. Some of the heavier elements produce also some feeble X-radiations, but they are not likely to prove of importance medically.
(I) TREATMENT BY INTENSIFICATION. If a thin sheet of a suitable metal-let us say, zinc-is exposed to a Rontgen tube, secondary rays are produced on both sides of the plate. The radiation takes place chiefly in a direction opposite to that of the exciting beam, but an -appreciable amount leaves the plate in company with the primary rays. Secondary rays are also given off in all directions within the substance of the metal, but are not available for use. If, however, we scatter the zinc in a finely divided form throughout a mass of tissue, so that a certain amount of protoplasm intervenes between each particle, then these universally distributed rays may become of value for therapeutic purposes. In treatment by means of an intensifier we utilize secondary rays belonging to one or other of the three directional types above mentioned. That is to say, the ray-emitting substance may be placed behind the lesion, or in front of it; or again, by injecting solutions, we may distribute the molecules of the intensifier throughout a mass of diseased tissue. For convenience in description it is necessary to apply technical terms to these several methods. When recording microscopic observations we say that an object has been viewed by "reflected" light or by "transmitted" light. These terms do not, of course, indicate any difference of quality in the light used, but refer solely to the manner of illumination. Corresponding expressions are required for our present purpose. There has been some tendency to use the word "reflected" in connexion with secondary rays; this optical term tends, however, to confusion of thought, as it suggests an analogy which does not exist. I have, therefore, thought it desirable to invent certain new technical terms. When a lesion is treated by secondaries acting in a direction opposite to that of the primary beam, it is said to be subjected to anadrastic' rays. If the radiation used leaves the intensifier together with the primaries, proceeding in the same direction, the term syndrastic is applied. Lastly, when the particles or molecules of an intensifier are scattered throughout a mass of diseased tissue, the rays produced, as they act therapeutically in all directions, are said to be pandrastic in type.
I have submitted these terms to several classical scholars, who have all had some criticisms to offer. None of them, however, has been able to suggest any new words that would better convey the desired meaning. My creations may, perhaps, serve the purpose, and have at least the merit of pure Greek ancestry. laa =. backwards; apao-rwds = active. The other prefixes are: awv = together with; and riv, from 7ris = all.
(a) Anadrastic Rays.
The use of anadrastic secondary rays is at once the most obvious and the most widely applicable method of intensifying the therapeutic effect of the primary beam. It is especially indicated in the case of lesions having an extensive surface area, but small thickness. Such lesions are represented typically by ulcers. The intensifier should be closely applied to the denuded surface, or ipjected immediately beneath it in the form of an insoluble powder. Provided a substance with a suitable effective therapeutic range be chosen, a practically uniform secondary effect can be obtained throughout the diseased tissues. Silver, which has an E.T.R. of about 1 cm., is the most suitable element in the majority of cases. An ulcer of the anterior nares, backed by a silver plate, and rayed from outside by a hard tube, illustrates this treatment in its simplest form. In such a case it is possible to obtain a good deal of information as to what is happening by means of photographic experiments, some of which I purpose describing to you. For X-ray measurements the physicist -relies on specially constructed electroscopes, and is inclined to look askance at photographic methods. For medical purposes, however, we require only approximate values, and in some instances it is possible to imitate the conditions of treatment more closely by photographic experiment than by observations on the electroscopic leak. I began to investigate the subject of secondary radiation by photographic methods shortly after the publication of Sir J. J. Thomson's paper in the autumn of 1909. Since then I have developed and compared between seven and eight hundred negatives, and think I may claim that my results, whether or not they are of much value, are at least approximately accurate so far as they go.
The object of these experiments has for the most part been to determine the value (photographic) of various secondary rays in terms of the primary. In most cases only the specific radiation has been allowed to act on the film. The following is a typical experiment: A plate, film upwards, and enclosed in a light-proof bag, is supported on a suitable stand. A strip of silver is laid across one end. Beneath is placed the X-ray tube, and a resistance is interposed corresponding to that of the tissue traversed in the particular case which is being investigated. After exposure and development the plate will be found generally fogged, but an image of the silver strip is plainly visible. This additional blackening is due to the specific secondary radiation of the metal, and might be called an anadrastic radiograph. For brevity, one may speak of such images simply as anagraphs. The process is now repeated, but with some additions. After having taken an anagraph of the silver we cover up this part of the film with lead, and subject successive sections of the remainder to exposures increasing by a definite increment. The-plate is developed, dried, and the sectors cut with a diamond. The several strips are now compared side by side with the anagraph, until one is found of the same density ( fig. 1) . The average of a number of experiments shows that exposure to the primary rays must be increased by from 20 to 30 per cent. (according to their hardness) before this is accomplished. The interpretation of these results requires care. They do not by any means prove that more than a quarter of the energy of the primary beam is returned as secondary radiation from the surface of the metal. They do indicate, however-
(1) That the photographic effect is enhanced by from 20 to 30 per cent.
(2) That the physiological potency is intensified by an amount which is certainly not less than this, and is in all probability vastly greater.
The reason for this latter statement is as follows: the sensitive film contains bromine and silver, two heavy elements much more capable of absorbing hard rays than are the light atoms of the body. When two separate radiations, the one soft the other hard, are found to produce an equal effect on a plate in a given time, it may be safely assumed that the soft rays, within the limits of their effective therapeutic range, will produce a greater disturbance in the tissues than those of the more penetrating type.
By means of anadrastic rays it is possible to obtain a greater physiological action on deep-lying tissues than on the skin itself; thus enabling us to avoid, on the one hand the Scylla of dermatitis, and on the other the Charybdis of inefficient treatment. Suppose we use a hard primary beam which has been rendered fairly homogeneous by means of an aluminium filter; and assume further that this beam still retains fourfifths of its initial energy after traversing 2 cm. of tissue. If now an intensifier be injected at this depth, the effect is increased by at least one-third of four-fifths, and the sum of the primary fraction plus the secondary increase is greater than unity. All this sounds so like a proposition in Euclid that I feel I ought to add, " Q.E.D."
The use of metal plates as intensifiers is possible in a few sites only, notably in the nose, mouth, and urethra. For the last mentioned a silver catheter may be employed. In many cases one has to resort to the injection of precipitated silver in suspension in some viscid fluid, or of collargol, which is a pseudo-solution of the metal. Anagraphs of these substances may be obtained, provided that care be taken to protect the plate from moisture, and their efficiency is found to be but little less than that of sheet silver. Genuine solutions, such as that of silver nitrate, are quite unsuitable for the purpose of treatment by anadrastic Experience gained with metals which have an atomic weight near that of bismuth is of value in relation to the subject under discussion, and also has a bearing on a more general question-namely, the effects of corpuscular rays on healthy skin and mucous membrane. Lead is a very suitable substance for use in such investigations, and I have performed several experiments with it; some deliberatelv, others, as I shall explain to you, without intention or understanding. Working at the matter from the side of photography we may cut out a lead letter, say an E, and allow a thin layer of gum to dry over one half of it. An anagraph will show only the uncovered half (fia. 3). This illustrates the extremely low penetrative power, not only of the corpuscular rays but of those feeble X-radiations which are at the same time generated. If we take another piece of lead and write on it in ink, which is allowed to dry into a film, a similar result may be obtained. We may also get a like effect from metals which have a specific ray, provided a tube
Anagraphs of dry bismuth and bismuth moistened with saliva (in pill-boxes); a, dry salt; b, dotted line indicating position of box containing moistened salt. No photographic effect. be used which is so soft that it excites only the less penetrating radiations.
An actual demonstration of physiological effect, or lack of it, muist necessarily be of more value than any argument drawn from chemical analogy. Fortunately I am able to quote the results of two experiments actually performed on human beings, though for neither of them is any credit due to me. They were not intended as experiments, and it was not till long afterwards that I realized their significance. The first consisted in this: the patient, a delicate girl, aged 17, suffered from a chronic eczema of the palm of the right hand. This I treated by X-rays. I had always been taught that the skin of the back of the hand is very sensitive to irradiation; I knew vaguely that there were such things as secondary rays, and I had it on text-book authority that a sheet of lead should be placed under an X-ray plate in order to prevent secondary effects from blurring the image. Therefore, I very carefully made the patient always rest her hand, palm upwards, on a lead plate. She received some thirty applications, from a tube of medium penetration, so that during each of them I suppose the dorsum of her hand must have been bombarded by corpuscular and other feeble secondary rays. The eczema was cured, but no damaae whatever resulted to the back of the hand. Anagraph of letter E in lead, one half of which. was covered with a thin layer of dried gum. The latter part has produced practically no impression on the plate.
My second unwitting experiment was performed shortly atfter the publication of Sir J. J. Thomson's paper. In his address, doubtless because it was intended only as the merest sketch of the subject, Professor Thomson discussed only what I have since called the specific radiation of various elements; thus,the fact that any secondary rays at all were emitted by lead remained still unknown to me. I was treating a depressed ulcer of the cheek, and wished to make it prominient. This I accomplished by inserting a plate of lead between the cheek and the closed jaws. I did not succeed in curing the ulcer, but, on the other hand, my lead backing did no harm to the buccal mucosa. This failure to react was certainly not due to any lack of sensitiveness to suitable secondary rays, for in another somewhat similar case, which I have described elsewhere, great irritation was caused by a plate of silver, owing to failure on my part to reduce the primary dose so as to allow for the intensification.
This completes my reference to the supposed dangers of secondary radiation from bismuth meals. My apology for taking up so much time over the matter is the ever-growing importance of bismuth diagnosis. Where X-rays are concerned the lay public is very easily frightened, and I have even had doctors in my consulting-room who seemed to believe that incurable Rontgen dermatitis might be produced by a single radiographic exposure. Once let a false suggestion of danger get into text-books, and it will take a generation to overtake it. I have certainly proved to my own satisfaction, and I hope also to yours, that the bismuth examination is harmless. It is at least certain that the first case of injury has yet to be recorded.
To return to the therapeutic uises of silver meals. It is a reproach to the radiologist that he can do little or nothing for malignant tumours of the alimentary tract. In the case of external growths, he does at least relieve pain and prevent ulceration. This is already a great deal, for quite half the horrors of surface cancer are due to these two causes. Not so generally recognized is the fact that a parallel state of affairs exists in the case of neoplasms involving the walls of the bowel. Ulceration, fistulae, hmorrhage, obstruction, and foul-smelling alvine discharges render the patient's existence miserable beyond words. None of these things are necessarily the ultimate cause of death, which is not seldom due to distant metastasis. But metastasis is often long delayed, and, when it does occur, is swiftly fatal; whereas the evils I have mentioned appear early in the disease, and may plague the sufferer for many months, or even years. Therefore, if we could do as much to keep intact the mucosa of the gut as we can to preserve the skin of the body, internal cancer would be robbed of at least some of its worst features, even though life itself were not prolonged. In the case of diffuse growths infiltrating the walls of the tract, it may sometimes be possible to influence the whole thickness of the malignant tissue; but the effective thlerapeutic range of the silver ray is only 1 cm. or less, and if a more penetrating radiation were employed it would probably be less active physiologically. Also, whatever substance is used to produce anadrastic rays necessarily remains in the cavity of the gut, and after 1 cm. the law of squares would rapidly reduce its value. Although I cannot hold out any hope that by this treatmnent we can cure persons suffering from internal cancer, yet I would most earnestly urge you to give the method a trial. I think you will find it possible to give such patients many months of fairly comfortable life.
(b) Pandrastic Rays.
I take this method next, as I have already entered upon the subject of malignant disease. Anadrastic and syndastric rays are quite unsuitable for treating large tumour masses; but such as can be reached from the surface of the body are amenable to pandrastic radiations. Some of the inethods employed to produce these enable us to make use of the corpuscular rays, which account for a considerable portion of the total secondary output in any given case. Professor Barkla has determined that a layer of water Tfil mm. in thickness is sufficient to prevent the corpuscles from acting on an electroscope. Their E.T.R. is, therefore, probably less than 5 microns. Now, the diameter of some malignant cells, such as those of large round-celled sarcoma, may reach as much as 80 microns. A corpuscular ray, in order to produce any effect on the nucleus, must therefore be generated within the cell-body. This may be accomplished either by the injection of a diffusible salt containing elements of suitable atomic weight, or by driving in certain metallic ions by means of a galvanic current. In order to get the best results, a substance should be used which, in addition to producing a particulate radiation, emits a specific ray of some penetrating power. I have devoted a good deal of attention' to this matter, using for injection solutions of ammonium bromide, strontium bromide, and strontium lactate.
Some information may be obtained from photographic experiments, the procedure being as follows: A beaker of thin glass is filled with distilled water to a depth of, say, 3 cm. This beaker is placed over a lead diaphragm, and an exposure made so as to produce a circular patch of medium density. The opening is closed, and another exposure is made on a different part of the plate; but this time strontium bromide in the proportion of 17 grm. to the litre is added to the water. By making various trials one finds that, using a tube having a penetration of 10 to 11 Wehnelt units, it requires about one-third longer to produce the same effect as when distilled water was used ( fig. 4) . Professor Barkla informs us that when an X-ray beam passes through substances of high atomic weight, such as strontium and bromine, at least 30 per cent. of its energy is re-emitted as secondary rays, which act in all directions upon the surrounding media. The application of all the foregoing is this: Absorption of X-rays by water may be taken to equal absorption by a tumour mass of similar thickness. Suppose the primary beam loses one-third of its energy in traversing 3 cm. of water, it cannot on this account be safely concluded that the lost fraction has been truly absorbed. Much of it is merely scattered. But if, after the addition of the strontium bromide, another third is found to have gone, part of this has certainly been converted into soft secondary rays. This fraction is not less than 30 per cent. Therefore at least one-tenth of the primary energy is so transformed; and this transformed tenth, owing to its peculiar properties, and its localized action, may be presumed to be of very great therapeutic value.
In practice one injects a solution such as the above (the osmotic pressure of which is slightly less than that of blood serunm) by means of an antitoxin syringe armed with a long fine needle. A little adrenalin may be added to prevent too rapid diffusion; also eucaine, if necessary. The transformation of energy is somewhat less extensive than under experimental conditions, as the strontium solution becomes diluted by the body fluids.
The whole matter is not quite so simple as might at first sight appear. One cannot, I think, use strong solutions with safety, for it has been shown by Loeb that certain unfertilized ova may 1Hernaman-Johnson: Secondary X-radiations meets with far less resistance in the case of red blood corpuscles than does the corresponding sodium salt. How much strontium and bromine actually enter the tumour cells it is at present impossible to say. The intracellular deposition of metallic particles by ionization constitutes the one certain means by which we can, at will, generate corpuscular rays in the only situation where they can be of use. I am at present experimenting along these lines, using as electrolytes preparations containing silver and zinc. In future we may perhaps be able to take advantage of some work which is being done by Wassermann. He believes that selenium has some inhibitive action on cancer cells, and is perfecting a method of causing it to enter their nuclei, using eosin as a carrier. Selenium has an E.T.R. similar to bromine, and also gives off abundant corpuscular rays. The combination is, I understand, injected into the blood-stream, and is applicable to tumours in any organ or tissue. Thus, even should the method not fulfil the expectation of its discoverer, it may yet be of great service to the radiologist.
Solutions, or rather pseudo-solutions, of collargol may be used to produce pandrastic as well as anadrastic rays. A preparation having a strength of 11 per cent. causes about the same extra absorption as an iso-osmotic solution of strontium bromide. The collargol is not diffusible, so that a stronger preparation may be introduced if desired. It should be our object, however, to allow at least one-half of the primary beam to emerge from the injected tissues, otherwise the deeper strata do not receive a fair share of secondary effect. The silver from collargol does not enter the cells, or, at any rate, does not diffuse into them; but after each injection a small deposit of metallic silver occurs in the intracellular spaces. The specific radiation is alone utilized.
I could describe cases of my own treated by pandrastic rays, but prefer to quote one which has been communicated to me privately. Dr Fig. 5 shows anadrastic rays proceeding from an intensifier placed beneath the lesion. Fig. 6 , syndrastic rays issuing from an intensifier placed above the lesion. Fig. 7 , pandrastic rays proceeding in all directions from particles of an intensifier scattered throughout a mass of diseased tissue.
to do something to forestall this event. For example, tumours in the breast and stomach tend to form metastatic growths in the lungs, and the patient apparently dies from pleurisy. Dr. Leonard Finlay, speaking at the British Medical Association meeting in July last, showed that it was possible to infiltrate the pulmonary tissues with such a substance as iron carbonate, provided that it be inhaled in a finely divided form. A lung infiltrated with heavy metallic particles, and subsequently exposed to a hard tube, would be the seat of a soft secondary radiance of great therapeutic power; and it is scarcely to be believed that cancerous deposits could take root and flourish under circumnstances so adverse to their well-being. (c) Syndrastic Rays. The analogy between the use of syndrastic rays in therapeutics and that of an intensifying screen in radiography is a very close one. The object of the latter procedure is to produce an enhanced effect on a thin film, ordinary light being many times more active, photographically, than X-rays. The fact that some energy is lost during the process of conversion is of no consequence. The rays emitted by such a screen are those of ordinary light, and act on the plate together with the beam from the exciting tube. That is, they are syndrastic rays. For therapeutic purposes we use, instead of a fluorescent salt, a substance such as zinc oxide, which gives a secondary radiation of X type. Both corpuscular and specific rays are emitted, and, if the oxide be not spread too thickly, an increased darkening of the Rjhotographic plate may be demonstrated. On the physiological side it is possible to produce an erythema of the skin in a shorter time than if primary rays alone are used-that is, unless the latter are of extreme softness.
Syndrastic rays are of value in the treatment of superficial skin lesions, enabling us to shorten our exposures and to be less dependent upon regulating devices for our tubes. The lighter elements are most suitable for this purpose, our object being to produce a powerful effect throughout a very thin layer of tissue. A tube of medium or low penetration should be used. This is in contrast to what is desirable in treatment by anadrastic rays, where one's object is, in most cases, to get a maximum of energy to the intensifier with a minimum effect on the skin. Where the intensifier is intended to produce a syndrastic radiation it may be applied as a powder or an ointment, but these methods are inexact. I would suggest that sheets of cloth be impregnated with various substances, a definite weight being deposited on each square centimetre. These should be pressed over the skin lesion concerned, and, in recording results, the observer must state the exact amount and distribution of the intensifier. This would enable others to repeat his technique with some approach to accuracy.
With the above I conclude my account of secondary ray therapeusis by intensification. It remains to consider-(II) TREATMENT BY PURE SECONDARIES. Pure secondary X-radiations are rendered available for therapeutic purposes by means of an instrument which I have called a Ray Transformer. Any such apparatus must fulfil two conditions: it must possess a transforming or converting plate, and some effective means of shielding the patient from the primary rays. My earliest instrument consisted of a lead-lined rectangular box, contalining an X-ray tube at one end, and at the other a sloping plate made of sheet zinc. Beneath the zinc a circular opening permitted secondary rays to reach the skin. Great trouble occurred with sparking, and I soon modified the apparatus by removing all conducting material. The lead I replaced by X-ray proof cloth, and the zinc plate by a wooden one coated with zinc oxide.' Diagram of ray transformer. T, X-ray tube; N M, transforming plate; O P, opening for secondaries to reach skin; D R, ridge rising from floor to cut off primary rays from opening; W, position of lead-glass window for adjustment observations. The course of the primary and secondary rays is indicated. Scale, one-fifth.
Later on I provided grooves for the plate to run in, and was thus able to use slides coated with various substances, such as arsenic and bromide of silver. The transformiing plate should be set at an angle of 450 to the floor of the box, and the opening below it ought not to exceed onethird its diameter. The anticathode should be placed at a distance from the centre of the plate equal to at least one and a half times its diameter. These relationships are necessary if an even distribution of the secondary rays is to be obtained, combined with a maximum of efficiency. In my own instrument I use a non-regulating tube having a 5 in. bulb (between 12 and 13 cm. fig. 8 ).
The instrument above described can be constructed by any local cabinet-maker, and it supplies us with a pure secondary radiation. Its chief disadvantage is that, considered as a transformer of energy, its efficiency is low. A photographic plate placed close to the opening requires, to reach a given density, from twenty to thirty times as-long as if it were placed at a distance of 12 in. from the anticathode. In the treatment of skin lesions,. however, the disproportion is found not to be so great. Thus, if exposures of seven minutes every other day would be required by the usual methods, half an hour daily may prove sufficient when the ray transformer is employed. By using an exciting tube designed to carry heavy currents this time could no doubt be very much reduced.
I have gone into detail in referring to this transformer because I know that it gives a radiation of definite quality, and because I have actually used it in treatment. It is, however, very slow, and can only be looked on as a stop-gap. I am at present experimenting with an instrument in which the transforming plate is modified into a tubular shape, and surrounds the Rontgen bulb. It is certainly highly efficient, producing a kind of shower-bath of secondary rays; but I do not yet know whether the radiation given is pure, and I have not employed it therapeutically. A diagram is shown in fig. 9 .
Before we ask a patient to submit to longer exposures and more frequent sittings we must be sure that there is due reason for putting him to increased trouble and expense. That, in certain cases, one is justified in doing so I feel sure. Skin lesions situated over the breasts and ovaries in the female, and in the neighbourhood of the external genitals in males, are examples of what I mean. At present we often hesitate to treat, let us say, pruritus ani, because of the risk of sterility; but if we choose a specific ray having an E.T.R. of half a millimetre or less, the danger becomes negligible. It is true that a few scattered hard rays may reach the patient, but in such small amounts that they may be disregarded.
The employment of pure secondaries in the treatment of skin disease should, I think, make this branch of therapeutics more nearly an exact science than has previously been the case. It is well known that two, tubes having the same penetration, and giving a Sabouraud dose in the same time, are not necessarily alike in their action on disease. But when we deal with homogeneous specific radiations it will probably be found that for a given type of ray the photographic effect and therapeutic effect bear to one another a close and constant relation. We shall be able to experiment on a given disease with various radiations until we find the one most suitable; and, having found it, a Kienboeck quantimetre or some such instrument will enable us, in connexion with other data, to describe our technique so that it may be repeated by all. Such a description should mention:
(1) The element, or combination of elements used as converters. (2) Although the subject is not alluded to in the title of this paper, I will ask your attention for a few moments to secondary radiations produced by radium. Works on the physics of radium state that both the beta-and the gamma-rays produce secondary effects, and that both a particulate and a non-particulate radiation is emitted. Very little. more than this bare statement appears to be forthcoming. I possess only a few milligrammes of radium bromide, but I have performed some experiments which, I hope, may at least suggest therapeutic possibilities. My radium salt is contained in a platinum tube, and in taking photographs I used a filter of 1 mm. of lead, the latter being covered by thick cardboard. Thus the effects obtained must be put down almost entirely to the gamma-rays. This makes for simplicity in trying to interpret the results by what is known of secondary lintgen radiations.
The behaviour under radium stimulation of a heavy metal such as lead is of much interest, as it is markedly different from what occurs when X-rays are used as an excitant. You will remember that with the latter a photographic image may be obtained by andrastic rays, provided that the metal be placed in direct contact with the plate. In the case of radium, however, the interposition of the usual protective envelopes produces no visible diminution in the intensity of the anagraph; but a piece of cardboard 1 mm. in thickness is sufficient to cut off most of the effect. It is obvious that an abundant soft secondary radiation is emitted by the lead, the effective therapeutic range of which is probably not less than Ij mm. A considerable part of this radiation I believe to consist of negatively charged particles-in other words, of secondary beta-rays. I inay here remind you that the penetration of the corpuscular rays excited by aIRontgen bulb increases with the hardness of the incident beam. Now the gamma radiation of radium is about thirty times as penetrating as the hardest obtainable from an X-ray tube; one would therefore expect, on theoretical grounds, that the secondary corpuscular rays excited by the former would be of a proportionately
It is open to the radium therapist to utilize secondary radiation by any of the methods previously described under the heading of " treatment by intensification." Of these, the use of pandrastic rays in the case of tum-lour masses appears to me likely to be of the most importance. By ordinary methods, from 90 to 95 per cent. of the gamma radiation escapes on the far side of the growth, and is lost. By the injection of some heavy substance we inight cut this waste down by a third, and still have a fairly even absorption throughout the tumour. As a result, there would occur within the mass a powerful beta radiation, which could scarcely be without therapeutic effect. We need not in this instance trouble our heads as to whether or not the molecules of the intensifier reach the interior of the cells, for the emitted corpuscles are endowed with an initial velocity which enables them to reach the nuclei, even when discharged from the intracellular spaces.
These secondary beta-rays possess sufficient penetration to make them of value in skin lesions. If a patch of skin is being treated by radium in a tube at least half the total radiation is wasted. If, however, a shield of suitable metal be placed behind the tube, after the manner in which a reflector is placed behind a light. secondary rays are produced which can be shown to increase photographic effect by 15 to 20 per cent., besides causing a more even distribution. As the primary energy is strictly limited, mere increase of quantity is ofimportance to the user of radium. A circular concave piece of tin does very well to place behind the radium tube, and may conveniently be referred to as a "reinforcing shield," or simply as a "reinforcer." It must, of course, be clearly understood that no true reflection takea place.
As to whether anything corresponding to specific secondary radiation occurs where radium is the excitant, I am not prepared to say. Tin apparently gives a more penetrating ray than zinc, which is what. one would expect, but aluminium also seems to be active. The subject is certainly miiore complicated than is the case with X-rays Fortunately, the knowledge we have is already sufficient to be of use in the carrying out of practical therapeutic tests.
When metal tubes containing radium are buried in tumours, an area, of necrosis is apt to form in their immediate vicinity. This, I think, would be best avoided if possible. It is quite possibly due as much to secondary corpuscular rays of low penetration as to the radium itself, and I would suggest enclosing the tubes in thick celluloid cases before insertion. When using gamma-rays to affect deep-seated growths, weshould see to it that means are taken to suppress the soft secondary syndrastic rays from the lead or platinum filters.
Before the value of secondary rays in therapeutics can be finally settled, many cases must be treated by their aid, and the results carefully recorded. I have myself experimented on some thirty-five cases, mostly by some form of intensification. I cannot, however, say more now than that the results are such as to encourage me to further trials. The object of this paper has not been so much to describe successful cases as to detail methods which will enable anyone to try the treatment for himself. In employing secondary radiation in any of the several wavs which I have described, you may be sure of two thingsthe first is that the substances recommended, whether for injection or oral administration, will do the patient no harm; and the second is that -a radiation of known quality will be given off at the particular place where it is wanted. I venture to hope that the technique and nomenclature which I have worked out may be of some use to those interested in the subject, at any rate, until something better can be devised. Compelled, as I have been, to present you with rather more of theory than of practice, I would plead that only by the aid of wellconsidered theories is deliberate and ordered progress at all possible. Moreover, even when a theory ultimately proves to be wrong, the research to which it has given rise is seldom without useful result, it may be in quite unexpected directions. Apart from any clinical experience of my own, it appears to me incredible, on general grounds, that a discovery such as that of specific secondary radiation should be of no use in medicine. In the course of the next year or so this subject may possibly be much written of, but I trust there will be nothing in the nature of what is popularly called a "boom." Let us remember that the secondary ray is, after all, the offspring of the Rontgen ray, and see to it that, though we spoiled the parent, we do not sing too loudly the praises of the child. ill APPENDIX. Silver plates; precipitated silver, as " silver meals," or suspended in oil for injection beneath ulcers, &c.; collargol (colloidal silver), in 4 per cent. strength, for injecting into the bladder. All the above for the production of " anadrastic rays "; collargol (1J per cent.) may be injected into tumour masses to produce pandrastic rays; silver nitrate, in solution, may be used to introduce the silver ion Tin 119 2 cm.
May be used as a metallic plate in the mouth when an E.T.R. of more than 1 cm. if desired
The above-mentioned substances furnish us with a means of employing specific homogeneous radiations ranging in their E.T.R. between ; mm. and 2 cm. Preparations of barium (atomic weight 137, E.T.R. 3 cm.) may perhaps prove of use in the alimentary tract, but possible toxic action would have to be considered. Also, beyond an E.T.R. of 1 cm. rays become more and more subject to scattering rather than absorption. The gap between strontium (atomic weight 88, E.T.R. j cm.) and silver (atomic weight 108, E.T.R. 1 cm.) might, if it were deemed necessary, be filled by the oxides of molybdenum (atomic weight 96) and ruthenium (atomic weight 101).
As regards precipitated silver, my original formula for hypodermic injection was 10 gr. to 1 dr. of olive oil. I have since used the following:- 
DISCUSSION.
The PRESIDENT (Mr. A. D. Reid) said that the Section was greatly obliged to Dr. Hernaman-Johnson on two grounds: first, for the interesting line of investigation he had taken, and secondly, and perhaps even more, for the extremely careful and scientific manner in which he had carried out his experiments. It was experiments such as these that were wanted in their branch of medicine. He was especially glad that Dr. Hernaman-Johnson had described his technique so fully, so that other workers could follow it up. He gathered that the work was being continued, and he was confident that there was a great deal of scope remaining for further work by Dr. Hernaman-Johnson himself and by investigators who might follow in his steps. He greatly admired the modesty with which the subject had been approached, and the disposition to claim no more than had actually been proved. He thought the suggested nomenclature admirable and self-explanatory, and he wondered what objection the classical authorities could have found to it. He was much interested in the X-ray transformer, and thought that it must form another useful weapon in the hands of the electro-therapeutist. He had no personal experience with these secondary rays, but with the paper in print it seemed likely that much might be attempted and performed.
Dr. H. LEWIS JONES congratulated Dr. Hernaman-Johnson upon a very suggestive and interesting paper. He was reminded of a case in which a sinus had healed up after an X-ray photograph had been taken with a silver probe in it, and its almost immediate healing after the taking of the photograph was peculiar. But there they saw probably the first instance of a case successfully treated by means of anadrastic rays. A year or two ago he had treated with radium a wart-like growth near the thumb-nail, after having previously applied zinc ionization. The result was successful, and the case might perhaps be regarded as treatment by secondary radiations, by the pandrastic method of Dr. Hernaman-Johnson, zinc ions serving as the radiator. To go into the wider question of secondary rays in general, he might mention that Sir James Mackenzie Davidson, in a discourse which he had given recently at the Royal Institution, had pointed out that the secondary X-rays emitted by the glass of an X-ray tube were of considerable importance, especially with hard tubes, and had come to the conclusion that possibly a great deal of the therapeutic and of the burning effect from X-ray tubes was due to these secondary rays from the glass. This would explain a difficulty which might have occurred to some, for Sir J. J. Thomson, on the one hand, had told them that for rays to be useful they must be absorbed, and th-erefore that soft rays must be preferred in treatment; on the other hand, those who had experience in the treatment of ringworm knew that a soft tube required a long time before the pastille changed colour and the epilation effect was obtained, while with a hard tube the pastille would change and the epilation result be obtained after a shorter exposure. Here there was a conflict of opinion. The physicist recommended soft tubes, the practical man hard tubes. But it was probable that the hard tube generated an abundance of suitable soft secondary rays, which were the real active agents, while the soft tube generated secondary rays which were too soft to produce any effect at all.
Dr. FRANK FOWLER said that his experience of the secondary rays only related to one instance. The case was one of scirrhus of the breast, which was doing well under X-ray treatment, but which developed slight ulceration, or cracking, at one part. He tried zinc ionization; and irradiated afterwards.
The surface healed up nicely, but he never repeated the experiment, because the patient soon afterwards developed secondary infection. It occurred to him that he had perhaps stirred up this primary growth so that it became diffused in the organism. He had read in the medical papers recently some accounts of electric colloids of metals which were said to have very remarkable propertiesapparently not specific properties of each metal, but only in accordance with the shape and size of the particles. It might be possible to use these metallic colloids, and not only obtain secondary radiations from them, but perbaps some other effects in addition.
Dr. G. B. BATTEN desired to know Dr. Hernaman-Johnson's opinion as to the effect of the secondary rays from the glass of the tube in the treatment of ringworm. If Dr. Lewis Jones's theory was correct, it followed that they ought not to shield their tubes at all so far as the head was concerned-they should have not a 4 in. aperture, but a 12 in. aperture. Were the secondary radiations from the glass as used in an X-ray tube likely to go to the depth of the hair-root or not? He supposed the metal used in the glass would have a definite effect upon the specific radiation from an X-ray tube. He had a new therapeutic tube by Cossor-not the Lindemann tube, but similar in the quality of the glass employed, the glass being made with metals and metallic earths, having a much lower specific gravity than the material ordinarily employed-and the pastille was turned much more quickly, and, if one was not careful, a temporary erythema of the skin was also more rapidly produced than with an X-ray tube fitted with ordinary glass. Were these effects, together with the more rapid fall of the hair, due to secondary radiation or merely to the primary? Dr. N. S. FINzI said that he would like in the first place to deal with the question raised by Dr. Lewis Jones as to the effective rays from an X-ray tube being really due to secondary radiation from the glass of the tube itself. He was working a good deal with X-rays filtered through aluminium filters, and a filter of 2 mm. of aluminium would cut off any rays from the glass of an X-ray tube, yet the rays thus filtered were just as effective in producing epilation as the unfiltered rays. He had proved this point to his complete satisfaction. This disposed of the question of the rays from the glass of the tube. Then it might be asked whether the effect was due to the rays from the aluminium. But aluminium was of a very low atomic weight, and would not give these specific secondary rays. He thought that this contradicted tlle theory that the rays from the glass of the tube were the only effective rays in producing epilation, although they might assist in bringing about that result. Dr. Hernaman-Johnson's paper had dealt chiefly with soft and easily absorbed rays: the speaker admitted that he was working chiefly with very hard rays, and rays not easily absorbed, but he must also admit that there might be in the work of these rays some production of secondary rays in the tissues themselves, possibly from substances circulating in the body. The hard penetrating rays might be able to excite radiations impossible with the softer ordinary rays from an X-ray tube which passed through the skin. He was very glad that Dr. Hernaman-Johnson had finally disposed-at least he hoped so-of the bismuth meal bogey. They all knew, as a matter of practice, that bismuth meals did no harm, but it was very satisfactory to have their innocence established on a thoroughly scientific basis.
Dr. G. E. BOWKER said that the paper recalled to his mind various successes that he had had in treatment without the reason for them being obvious at the time. He had in mind particularly a case of rodent ulcer of extensive area, the treatment of which was in the first instance by means of the zinc ion. He continued to use it with but slow improvement of the granulating area of the ulcer, and so persistently that at length he began to feel that so far as any therapeutic progress was concerned.he was merely marking time. At last he gave up the zinc ion and turned to the X-rays, rather as a forlorn hope than with any idea that the latter method would be superior to the former. But from what Dr. Hernaman-Johnson had said that evening, it was quite clear that this would in the near future become the treatment secundutrn artem. As soon as he began to use the X-rays the advance of the growing epithelium became most marked, and it only required three or four irradiations to bring about complete success. Nothing, at least in his own experience, more pointedly proved to him the value of the secondary rays. These he looked upon as explaining the rapid improvement which immediately ensued upon the use of the X-rays. The zinc in the course of the ionization treatment had been placed in position ready to produce its secondary rays, and it only needed the change from the ionization to the X-ray method to accelerate the cure. The patient was himself a medical man and therefore kept exact records of his own case. In deep-seated conditions it was evident, so far as he could make out, that secondary radiations from such metals as he had tried had no effect.
The PRESIDENT asked Dr. Hernaman-Johnson if he had any experience which would enable himn to state a difference between the secondary ray given off, for instance, from the old-fashioned lead-glass tubes and the secondary ray from the tubes in use at the present time. With a tube of lead-glass, what would be the type of secondary rays obtained? If it was a question, as Sir Jamqs Mackenzie Davidson suggested, of the secondary rays giving the effects, beneficial and the reverse, it would be possible, by making the whole tube of lead-glass, to obtain secondary rays alone.
Dr. F. HERNAMAN-JOHNSON, after thanking the President and other speakers for their kind references to his work, said that the President bad referred to his suggested nomenclature and had asked for the objections of his classical friends. One -of the scholars whom he consulted was the Bishop of Durham. He asked the Bishop, "What would you think of X-rays to which the term 'pandrastic' was applied? " " I should think they acted on everything under heaven! " was his answer. But his Lordship was not able to suggest anything better. After all, technical terms could only be understood in a particular intended sense when regard was had to their context. With regard to the type of secondary radiation coming from various X-ray tubes, he had not actually worked upon the subject, but he took it that there were two kinds of radiation apart from the main or primary. In the first place, in an X-ray tube a certain portion of the cathodal stream, no doubt, was scattered, impinging upon the glass and not upon the anticathode; also there was a certain amount of inverse current in all tubes, and this produced X-radiation by causing negatively charged electrons to impinge upon the glass. He supposed that the rays produced by the stoppage on the glass would be of a much less penetrating type than those produced by the stoppage on platinum. This diffuse radiation was, however, secondary only in the sense that it is, so to speak, accidental, and not intended for use in radiography or treatment. The second type of radiation-which was truly secondary, being caused by the main primary beam-would consist of such rays as were emitted by anything in the glass itself. He did not think that ordinary glass contained much that would give X-rays unless it were specially constructed and contained some substance having an atomic weight of 40 or more; otherwise it would not give a specific radiation at all. Most of the substances in ordinary glass, be believed, had an atomic weight below that figure. If any substance such as zinc were incorporated in the glass-and the same held true of iron and copper --rays of the syndrastic type would come out of the tube together with the primary radiation. These rays would be specific in character, but they would be mixed up with the primaries. If sufficient of the metal were used to stop the primary radiation altogether, none of the secondary would be obtained either. In the case of a lead-glass tube, the lead-glass being of a certain degree of thickness, so that the primary rays could still get tbrough, there would be a certain amount of secondary radiation, but it would be practically devoid of any action, being unable to penetrate even a thin layer of gum. It would consist of corpuscular rays which would be destroyed within 1 or 2 cm.
of air, together with a few soft X-rays which were practically negligible. It was very interesting to learn of a rapid cure following the introduction of a silver probe into a sinus and subsequent irradiation. Almost certainly the result was due to the secondary anadrastic radiation produced by the silver probe. One must be careful in such cases to ascertain theoretically that the secondary rays would have a therapeutic range capable of producing the given result. In the case of Dr. Orton's experiment, for instance, using silver as a transformer, he gave a dose equal to four Sabouraud pastilles. His apparatus would probably have an efficiency of about one-twentieth or one-thirtieth, and therefore the effective dose would only be one-fifth or one-sixth of a Sabouraud. Further, using silver, which had an effective range of 1 cm., it was extremely doubtful whether any of the rays reached the spleen at all, or even would have done so had he gone on for a much longer time. Tin had a range of 2 cm., but even the secondary radiation from tin would hardly be sufficient to reach the spleen, which would require something having a range of more than 2 cm., and he did not think there was much use for secondary rays having a range above that of tin. Above that range they began to suffer from all the disadvantages of ordinary hard rays, and one might just as well use filtered rays of the usual type. They could, indeed, use cerium, which would have a range of 4 or 5 cm. He had himself used a plate coated with cerium oxide, and with this it was possible to affect the spleen. But by any transforming device yet invented it would be necessary to give twenty or thirty times the ordinary exposure. With regard to the employment of colloidal solutions, an injection of collargol, 1' per cent., into tumours presented a means of introducing heavy molecules into the growth and, by means of subsequent irradiation, obtaining the effect of secondary pandrastic rays in the deeper parts. Dr. Finzi had obtained an epilation effect by using hard rays filtered through aluminium. Aluminium did not produce a secondary radiation with X-rays, although it did when radium was used. He quite believed, however, that the hard rays had themselves an effect on the skin. He had experimented on a patch of psoriasis by using a water-filter of 3 cm., and covering the lower part of the glass vessel with lint. The patch of psoriasis ultimately healed, even through the agency of penetrating rays which had passed through 3 cm. of water, but the healing took five or six times as long as it would have done in the ordinary course.
[Addendum.---I regret that in my reply I omitted to deal with some of the points raised in the discussion. One speaker stated that dissemination of a cancerous growth had followed his application of secondary rays, and might have been caused by them. This is quite possible, for it is a rule having few exceptions, that any agent which is capable of doing good may also, in other circumstances, produce evil results. What we have to do is to find out the conditions under which secondary rays may be beneficially used. Just as the parent rays may in certain cases do harm, so doubtless may their offspring. Reference was also made to secondary radiations produced by heavy elements normally present in the body. Of these the most important is undoubtedly iron, which is present in the corpuscles to the extent of fully 15 parts per 1,000. I have not gone into the matter, but it is certain that a powerful secondary radiation, both specific and particulate, must be generated within the blood cells. The marked effects of X-rays on blood-vessels and their contents is well known, and the above fact may possibly help to explain them.
It may also serve to account for the observation that skin rendered anaemic by adrenalin becomes more resistant to ray treatment. As regards special organs, it must be remembered that the spleen is rich in iron, and the thyroid gland in iodine. The subject is a wide one, and calls for careful investigation.--F. H.-J.i
